tory of peripheral vascular disease (PVD) (OR = 2.579; p = 0.042), diabetes mellitus (OR = 1.918; p ! 0.001), emergent and urgent surgery (OR = 1.744 and OR = 7.901, respectively; p = 0.003), CPB time 1 70 min (OR = 1.944; p = 0.007), and intra-aortic balloon pump (IABP) insertion (OR = 10.181; p ! 0.001) as the independent risk factors for ARF. Conclusion: The data showed that age, female gender, positive history of diabetes and PVD, urgent and emergent surgery, CPB time 1 70 min, and need for IABP were the independent determinant factors of ARF after on-pump CABG.
Systemic inflammatory response and, consequently, renal injury may result from consecutive events initiated by the contact of plasma proteases and blood cells with the gaseous interface and bioincompatible surfaces of the CPB machine. The activation of plasma proteases in turn creates proinflammatory mediators, which activate leukocytes, vascular endothelial cells, and platelets which release oxygen-free radicals and lysosomal enzymes, causing a systemic inflammatory reaction and the consequent dysfunction of several organs. This leads to organ failure [5] and preoperative cardiac status instability. It has been reported in a number of publications that several factors can influence renal failure after on-pump CABG, such as emergent surgery, low ejection fraction, and age [6] , as well as diabetes mellitus, and male or female gender [7, 8] . However, there is a dearth of data available on these effective factors among the Iranian population. The objective of this study was to identify the preoperative and operative predictors of renal failure after on-pump isolated CABG.
Subjects and Methods
This retrospective study, conducted between May 2002 and 2007, included 13,315 consecutive adult patients who underwent isolated CABG with CPB. All the data were transferred from the computerized surgery data bank of Tehran Heart Center. The exclusion criteria were: age ! 18 years [6] , concomitant cardiac and/ or noncardiac operations, history of renal failure (ARF was defined as serum creatinine level 1 0.18 mmol/l [9] ) before surgery, and chronic renal failure requiring dialysis to determine other factors that could influence renal dysfunction following surgery. The baseline preoperative variables collected comprised age, gender, body mass index, family history of coronary artery disease, current cigarette smoking, hyperlipidemia, diabetes mellitus, hypertension, ARF, last creatinine level, recent myocardial infarction as defined by the Society of Thoracic Surgeon Adult Cardiac Data definition [10] , cerebrovascular disease, peripheral vascular disease (PVD), congestive heart failure, arrhythmia, previous intervention (either surgical or nonsurgical, which may include those done during the current admission), ejection fraction based on angiography and Canadian Cardiovascular Society Angina Score (CCS). The preoperative cardiac status was comprised of the number of coronary arteries involved, left main disease 6 50%, and left ventricular ejection fraction [11] . The intraoperative variables measured consisted of emergent surgery, intra-aortic balloon pump (IABP), CPB time, and number of arteries and veins used as grafts. The median of CPB time was 70 min, on the basis of which the patients were divided into two groups of CPB time: 1 70 and ! 70 min. Postoperative ARF was defined as serum creatinine level 1 0.18 mmol/l after surgery [12] . The rationale for the selection of the potential risk factors considered in this analysis was based on previous reports [6] [7] [8] and our initial validation of the database.
Statistical Analysis
The numerical variables were presented as mean 8 standard deviation (SD), while the categorical variables were summarized by absolute frequencies and percentages. The continuous variables were compared using the Student's t test or nonparametric Mann-Whitney U test whenever the data did not appear to have a normal distribution, and the categorical variables were compared using the 2 test (or Fisher's exact test if required). A multivariate forward stepwise logistic regression model for the risk factors predicting post-CABG renal failure was constructed. The variables were included into the multivariate model if the p value was found to be less than or equal to 0.15 in the univariate analysis. The associations of the independent predictors with post-CABG renal failure in the final model were expressed as odds ratio (OR) with 95% confidence intervals. Model discrimination was measured using the c statistic, which is equal to the area under the receiver operating characteristic (ROC) curve. Model calibration was estimated using the Hosmer-Lemeshow goodnessof-fit statistic (higher p values imply that the model fits the observed data better). For the statistical analysis, the statistical software SPSS version 13.0 for Windows (SPSS Inc., Chicago, Ill., USA) and the statistical package SAS version 9.1 for Windows (SAS Institute Inc., Cary, N.C., USA) were utilized. All the p values were two-tailed, with statistical significance defined by p ^ 0.05.
Results
Of the 13,315 patients undergoing on-pump CABG, 9,968 (74.5%) were males and 3,347 (25.4%) females; average age was 58.63 8 9.48 years. Of the 13,315 patients, ARF occurred in 85 (0.6%). The preoperative variables in the two groups with and without renal failure are given in table 1 . Among the preoperative risk factors for CAD, female gender (p ! 0.002), history of diabetes mellitus (p ! 0.001), left main lesion (p = 0.040), PVD (p = 0.014), congestive heart failure (p ! 0.001), and CCS score = IV (p ! 0.001) were more frequent in the patients with post-CABG renal failure. The patients suffering from renal failure were older than the other group (p ! 0.001). Urgent and emergent CABG (p ! 0.001), IABP insertion (p ! 0.001), radial artery used as grafts (p = 0.016), CPB time 1 70 min (p ! 0.001), and number of veins used as grafts (p = 0.002) were found more common in the group with ARF than without ( table 2 ). There were no significant differences between the two groups in terms of history of hypertension and arrhythmia, left ventricular ejection fraction, and number of defective coronary vessels. The multivariate logistic regression analysis showed that in the patients with ARF, age, female gender, history of PVD, diabetes mellitus, urgent and emergent CABG, CPB time 1 70 min, and need for IABP insertion were the main predictors of post-CABG renal failure ( table 3 ).
Discussion
Our result confirmed the previous report that acute renal failure after on-pump CABG occurs in 0.7-31% of cardiac operations [13] , and 0.9-4.9% of the patients tend to require dialytic therapy [14, 15] . Our data further confirmed that CPB is a risk factor for developing postoperative renal failure. Hill et al. [16] and Hilberman et al. [30] showed that CPB is characterized by systemic endotoxemia immediately after its onset as well as the systemic release of proinflammatory cytokines, including tumor necrosis factor-alpha and the interleukins 1 and 6, which increased neutrophil-endothelial adherence and subsequent neutrophil organ binding and organ injury during clinical inflammatory conditions. This can be accompanied by an inflammatory response triggered by the contact of blood cells with the bypass machine surface, which causes histamine release, increased vascular permeability, release of oxygen free radicals, and lysosomal enzymes from white blood cells and endothelial Data are expressed as absolute frequencies (percentages) or mean 8 SD. CAD = Coronary artery disease; PCI = percutaneous coronary intervention; EF = ejection fraction. damage. The consequence of these events is multiorgan insufficiency, known as postperfusion systemic inflammatory response syndrome, which affects target organs such as the kidney. It has been hypothesized that the release of these substances can be the result of the perfusion inadequacy and nonpulsatile blood flow due to the use of standard CPB [17] . CPB also stimulates the production of vasoconstrictors, which diminishes renal blood supply [18] . We also found that CPB time 1 70 min was a predictor of developing post-CABG renal failure. The duration of bypass time has been identified as an important independent risk factor for postoperative renal failure. Whitten et al. [19] reported that CPB duration ! 70 min had fewer effects on postoperative renal failure, whereas Abel et al. [20] and Yallop and Smith [21] could not report the effect of CBP duration on post-CABG renal failure. CPB is still deemed a major cause of ARF due to medullary ischemia, interstitial edema, tubular obstruction, nephrotoxins, ischemia-reperfusion injury, renal vasoconstriction, renal arterial emboli, and systemic inflammatory response [22] . All these factors become more important if CPB is prolonged. Although we determined that age was associated with high risk of ARF, age is still a controversial risk factor for post-CABG renal failure. A number of studies have reported that renal failure is more likely to occur in older patients, whereas others dispute this view [23] [24] [25] . Elderly patients may be susceptible to many forms of ARF because an aging kidney loses function and the ability to withstand acute insults and may have reduced ability to cope with critical circulation [6] .
Our finding that female gender was a risk factor for post-CABG renal failure confirmed the findings of Asimakopoulos et al. [8] , but not those of Smith et al. [7] . Women have higher post-CABG mortality rates. Some of the suggested contributing factors include increased age, advanced disease co-morbidities, and smaller body surface area [25] . Our multivariate analysis showed that diabetes was a risk factor for post-CABG renal failure, thus confirming the study by McCullough et al. [26] but not that by Chukwuemeka et al. [27] . The effect of diabetes on renal failure after on-pump CABG is controversial; some studies have demonstrated that diabetes increases the risk of post-CABG renal failure [26] , while others have reached different results [27] . The effect of diabetes on postoperative renal dysfunction may be related to the result of associated renal parenchymal disease or renal artery stenosis, both of which are more frequent in diabetic subjects [28] . In the present study, our data showed that PVD might be a risk factor for post-CABG renal failure. Stallwood et al. [29] showed the role of PVD on post-CABG renal failure in a retrospective study. This may be the result of renal parenchymal disease or renal stenosis [28] . Our data showed that IABP insertion was the main predictor of post-CABG renal failure consistent with the study by Zanardo et al. [22] . This device is inserted in order to assist in the maintenance of cardiac output in unstable patients [31] . Postoperative renal function deterioration has been associated with a poor cardiac output state and increased need for IABP support. These postoperative events of preoperative cardiac status instability may further compromise renal perfusion and enhance the effect of renal ischemic events that occur during CPB. The use of IABP may also be associated with the development of ARF if limb ischemia and rhabdomyolysis occur [32, 33] .
Our data also showed that urgent and emergency surgery could predict post-CABG renal failure because it is a good indicator of a poor preoperative cardiac status situation [24] . In the present study, ARF occurred in 0.6% of the patients, which is below the range reported in a previous study [13] . In our study, most of the patients had a low mean age and were male (74.5%). Furthermore, 31.5% were diabetics and 1.7% had PVD, which was exceptionally low. Only 30.1% of our patients had CPB time 1 70 min and only 2.4% needed emergent surgery. It is worthy of note that only a few studies in the existing literature have used our definition of ARF. Thus, the low prevalence of ARF in our study in comparison with that in previous studies may be due to the above reasons.
There are some limitations to our study: some patients with preoperative renal failure were excluded, as well as those who had concomitant cardiac and/or noncardiac operations. Thus a number of patients who had postoperative renal failure was not included in the study.
Conclusion
Our data showed that age, female gender, a history of diabetes mellitus and peripheral vascular disease, urgent and emergent surgery, CPB time 1 70 min, and the need for IABP insertion are the determinant factors of renal failure after on-pump isolated CABG.
